Forest ecosystems contribute substantially to global terrestrial primary 147 productivity and climate regulation, but, in contrast to grasslands, experimental 148 evidence for a positive biodiversity-productivity relationship in highly diverse 149 forests is still lacking 1 . Here, we provide such evidence from a large forest 150 biodiversity experiment with a novel design 2 in subtropical China. Productivity 151 (stand-level tree basal area, aboveground volume and carbon and their annual 152 increment) increased linearly with the logarithm of tree species richness. 153
Additive partitioning 3 showed that increasing positive complementarity effects 154 combined with weakening negative selection effects caused a strengthening of the 155 relationship over time. In 2-species mixed stands, complementary effects 156 increased with functional distance and selection effects with vertical crowndifficult. Systematic experimental manipulations of plant species composition in 172 grassland communities [7] [8] [9] have demonstrated that plant diversity promotes community 173 productivity. This effect has been attributed to positive effects of niche partitioning 174 between species, specifically to complementarity in the use of abiotic resources 10 or 175 interactions with enemies 11 , or to an increasing contribution of highly productive 176 species in more diverse communities 12 . These two types of mechanisms have been 177 related to statistical complementarity and selection effects obtained by additive 178 partitioning 3 . However, these mechanisms may differ in species-rich forests in which 179 neutral processes may be important 13, 14 and where "diffuse" coevolution may result in 180 niche convergence toward generalist strategies 15 . Furthermore, trees have large and 181 persistent vertical structures that support the long-term accumulation of biomass. 182
Several forest experiments have recently been initiated 16, 17 , but these are mainly in the 183 temperate zone or implemented in small plots with a limited species richness 184 gradients [18] [19] [20] [21] [22] [23] . To close these critical gaps in knowledge 1 , controlled experiments in 185 weakening negative selection effects (Extended Data Table 6 , F1,37 = 4.61, P = 0.038). 247
In the last year of measurements, selection effects were no longer significantly 248 different from zero (Fig. 2, F1 ,31 = 3.40, P = 0.075). 249
We observed considerable variation in overyielding among communities of the 250 same species-richness level. Some of this variation was explained by functional 251 diversity but phylogenetic diversity had low explanatory power. For the 48 different 252 2-species mixtures, complementarity effects were positively correlated with the 253 functional distance and selection effects with vertical crown dissimilarity, also 254 referred to as crown complementarity between species (Fig. 3 , Extended Data Table  255 7). That vertical crown complementarity 22 contributed to overyielding via selection 256 rather than complementarity effects indicated that it was due to asymmetric light 257 competition 27 and is consistent with the "competition-trait hierarchy hypothesis" 28 . 258
Species with high monoculture productivity (Fig. 4a ) explained large amounts 259 of variation in stand-level productivity (Fig. 4b ), but their contribution was not always 260 positive, as demonstrated by several negative species-level selection effects (Fig. 4c) . 261
Despite the positive effect of species richness on community productivity, the 262 population-level responses of each species to species richness varied from positive to 263 neutral to negative (Fig. 4d) . These responses did not differ between evergreen and 264 deciduous species (Fig. 4d, F1 Data Table 8, F1,199 =  273 5.40, P = 0.022) and was negligible when mixtures of 8 shrub species were planted 274 (Extended Data Fig. 6 ), indicating reduced competition between shrubs and trees at 275 higher shrub diversity levels. The diversity-productivity relationships we found were 276 scale-independent, i.e. they did not differ between 1-and 4-mu plots (Extended Data 277 Table 8 , F1,114 = 0.20, P = 0.694 for interaction species richness × plot size). 278
Our results provide strong evidence for a positive effect of tree species richness 279 on tree productivity at stand-level in establishing subtropical forest ecosystems, and 280 support the idea that highly diverse subtropical forest ecosystems are niche-281 structured 22, 27 . Seven-year old mixed-species stands can produce an estimated 282 additional aboveground wood volume of 25 m 3 ha -1 relative to the average 283 monoculture, which translates to the sequestration of approximately an extra 10 Mg C 284 ha -1 (Fig. 1, Extended Data Fig.4) . We expect this effect to grow further, given that we 285 did not observed any signs of a deceleration over the present measurement period. 286
The size of the biodiversity effects we found for these forests is similar to biodiversity 287 effects reported from grassland studies 8, 9 . Given that plant biomass is higher in 288 forests, and that the largest fraction of tree carbon is bound in relatively persistent 289 woody biomass, these effects translate into significant diversity-mediated rates of 290 carbon sequestration. Substantial forest areas are managed world-wide, with large 291 afforestation programs underway in many countries. In China, huge economic efforts 292 are made for afforestation, with a net growth of total forested area by 1.5×10 6 ha yr - 
420
Plots of one species pool per site (pools A1 and B1 at sites A and B, 421 respectively, Extended Table 2 ) were additionally replicated in plots that were fourtimes larger and thus contained 1600 trees. These large plots were subdivided into 423 four quadrants in which a factorial understorey shrub-diversity treatment was 424 established. These four subplots either had no shrub understorey (0 species), or shrubs 425 planted in all the centers between 4 adjacent trees, at a diversity of 2, 4 or 8 shrub 426 species (Fig. 1a) . 427
The design we use here consisted of 140 small plots (1 mu) and 64 large plots 428 (4 mu). Out of this total of 396 1-mu sized (sub)plots, nine had to be excluded 429 because these were not established due to a lack of sapling material or high initial 430 mortality. All plots were weeded annually to remove emerging herbs and woody 431 species that were not part of the planting design. 432
433

Tree measurements 434
We assessed stand-level and population-level tree growth by measuring the height of 435 trees and maximum and minimum stem diameter at 5 cm above ground to calculate 436 basal area. We focused on the central 4 × 4 =16 trees of each 1-mu (sub)plot to avoid 437 edge effects. These measurements were repeated annually in September/October from 438 2013 to 2016. We aggregated these tree-level data at the species (i.e. population) and 439 stand level. 440
We further calculated a cylindrical tree volume as the product of basal area and 441 height. The true volume was then obtained by multiplying this proxy with a form 442 factor determined by a complete harvest of 154 trees in natural forest near the 443 experimental sites. The total volume of each harvested trees was calculated as ratio of 444 total aboveground dry biomass and average wood density. Similarly, tree biomass was 445 determined by multiplying the cylindrical volume of each experimental tree with abiomass conversion factor determined based on the harvested trees (Extended Data). 447
Biomass was converted to carbon content 32 by multiplying with 0.474 g C g -1 . 448 449
Complementarity effect and selection effect 450
We used the additive partitioning method of Loreau & Hector 3 to decompose net 451 biodiversity effects (NEs) of productivity measures into complementarity (CEs) and 452 selection effects (SEs), separately for each year and diversity level. CEs and SEs 453 depend on relative yields of species, which we calculated using monoculture biomass 454 as denominator. If a species failed to establish in monoculture (which was the case for 455
Meliosma flexuosa, Castanopsis eyrei and Machilus grijsii), or had a mortality 456 exceeding 80% (Quercus phillyreoides, Phoebe bournei), it was excluded from the set 457 of target species in the corresponding mixtures 33 . Formally, CEs and SEs are related 458 to (co)variances and therefore were square-root transformed with sign reconstruction 459 (sign(y) |y|) prior to analysis, which improved the normality of residuals 3 . 460 461
Overyielding and underyielding 462
Overyielding describes the case where the productivity of a mixture exceeds the 463 average productivity of monocultures of component trees 26 . Conversely, 464 underyielding identifies a lower yield of the mixture relative to monocultures. 465
Transgressive overyielding indicates that the productivity of a mixture exceeds the 466 productivity of the monoculture of the most productive component species. 467
Transgressive underyielding is defined similarly. We determined overyielding and 468 underyielding of all mixtures relative to monocultures. Capitalizing on the nested 469 whether combining communities with two sets of species resulted in a community 472 that produced more or less biomass than expected on the assumption of no 473 interactions among the sets (overyielding) or that community productivity would be 474 determined by the more productive set of species alone (transgressive overyielding). 475 476
Vertical crown complementarity 477
We quantified the interspecific complementarity in vertical crown extent of trees in 
Statistical analysis 490
We used analysis of variance based on type-I sum of squares linear mixed-effects 491 models to assess the effects of tree species richness (and additional design variables) 492 on productivity 35 . All analyses were done in R 3.3.2 and ASReml-R 36 . The models 493 included the fixed effects site, tree species richness (log2-transformed), year 494 (continuous variable, centered over our observation period), the interaction log2(treecomposition (with a separate variance component for each site), plot (with a separate 497 variance component for each site), subplot, and the interactions of all these random 498 terms with year. Model residuals were checked for normality and homogeneity of 499
subplot, and the interactions of all these random terms with year (Extended Data 507 Table 6 ). The interaction of year and site and the site-specific variance terms 508 estimated for some random terms accounted for the fact that site B was established 509 one year after site A and that trees at site B were therefore smaller. regressed against log2(tree species richness) with the data from (sub)plots without 566 shrub species. 567 
Notes: 573
Fixed effects were fitted sequentially (type-I sum of squares) as indicated in the table 574
(random terms were community composition, plot, subplot and the interaction of 575 these with year, with site-specific variance components for species composition and 576 plot). Abbreviations: n = numbers of plots in analysis; df = nominator degree of 577 freedom; ddf = denominator degree of freedom; logSR = log2(tree species richness). F 578 and P indicate F-ratios and the P-value of the significance test.
EXTENDED DATA 580
Conversion factors for volume, biomass and carbon content 581
We harvested 154 trees in a natural forest in 2010 near the experimental sites to determine 582 conversion factors from cylindrical volume (tree basal area × height) to true volume and 583 biomass. The trees belonged to eight common species and three life forms (evergreen, 584 deciduous and coniferous) and were chosen to represent a naturally occurring size span of 585 young trees. 586
Trees were separated into large woody parts (stems and large branches with a diameter ≥ 587 3 cm), twigs (the apical part of the stem and large branches plus side branches with a 588 diameter < 3 cm), and dead attached material (large dead branches or twigs). Branches were 589 divided into segments of typically about 1 m length. The volume of large woody parts and 590 twigs was determined geometrically, approximating the parts as truncated cone (large woody 591 parts, V = 1 3 π(r 1 2 +r 1 r 2 +r 2 2 )×l where l is the length and r1 and r2 are the end radius), or cone 592 (twigs, as above but r2=0). The density of these fractions was determined by oven-drying a 593 representative subsample of stem and branch discs or twigs. 594
These geometric and density data were then scaled up to total aboveground tree biomass 595 using a Bayesian framework, modeling twig mass and density in dependence of branch 596 positions within tree crowns 37 . 597
Conversion factors from cylindrical volume to true volume (and mass) were determined 598 as total tree volume (and tree mass, including leaves) divided by cylindrical volume. We 599 analyzed the variation of these conversion factors with tree size and species life form using 600 mixed effects models with species identity as random term. We found that large trees 601 deviated from the linear relationship of form factor and cylindrical volume, and we therefore 602 removed trees with a cylindrical volume ≥ 500 liter from the form factor calibration, leaving 603 a set of 119 trees. Within this set, there was only a small variance among species and nosignificant effect of life form on the form factor; the form factor decreased linearly with the 605 cylindrical volume of harvested trees (Extended Data Table 3 
Functional trait and phylogenetic distances 617
We used four functional traits related to the resource-use strategies of tree species: specific 618 leaf area 38 , branch-wood density 38 , relative volume growth rate (RGR) and life form 619 (deciduous or evergreen). These traits were determined in plots that were part of the 620 experiment. RGR was calculated as the log-transformed relative difference in stand volume 621 of monocultures between seven (2015 for site A and 2016 for site B) and five years (2013 for 622 site A and 2014 for site B) after planting. We selected the monocultures without shrub 623 treatments. We used site-specific RGR because of the large variation in growth rates between 624 sites A and B. We calculated functional trait distances among species pairs in 2-species 625 communities as Euclidean distances in standardized multivariate trait space (using the four 626 traits as axes).
We assessed the effects of trait and phylogenetic distances on different components of 630 diversity effects of two-species mixtures with linear mixed-effects models, where we set site 631 and trait/phylogenetic distance as fixed effects, community composition and plot as random 632 effect (with a separate variance component for each site). Measures of diversity effects were 633 square-root transformed with sign reconstruction to improve normality of model residuals. year. Note that the extremes of the point cloud necessarily taper off towards higher diversity 651 levels for statistical rather than biological reasons; this is due to the fact that for a given 652 diversity level extreme values are more extreme the larger the sample size is 26 . Extended Data (random terms were community composition, plot, subplot and the interaction of these with 710 year, with site-specific variance components for species composition and plot). 711
Abbreviations: df= nominator degree of freedom; ddf = denominator degree of freedom; 712 logSR = log2(tree species richness). F and P indicate F-ratios and P-values of the significance 713
tests. 714
Extended Data 
Notes: 746
Biodiversity effects were square-root transformed with sign reconstruction (sign(y) |y|). The 747 effects of FD, PD and PDS were fitted after site (random terms were species composition and 748 plot, considering a separate variance component for each site). Abbreviations: df= nominator 749 degree of freedom; ddf = denominator degree of freedom. F and P indicate F-ratios and P-750 values of the significance tests. 751 (random terms were community composition, plot, subplot and the interaction of these with 760 year, with site-specific variance components for species composition and plot).
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